University of Tennessee, Knoxville

TRACE: Tennessee Research and Creative
Exchange
Masters Theses

Graduate School

5-1998

Abundance, growth, and movement of brown trout in a second
order Tennessee stream
Ryan Michael Phirman

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes

Recommended Citation
Phirman, Ryan Michael, "Abundance, growth, and movement of brown trout in a second order Tennessee
stream. " Master's Thesis, University of Tennessee, 1998.
https://trace.tennessee.edu/utk_gradthes/6716

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.

To the Graduate Council:
I am submitting herewith a thesis written by Ryan Michael Phirman entitled "Abundance, growth,
and movement of brown trout in a second order Tennessee stream." I have examined the final
electronic copy of this thesis for form and content and recommend that it be accepted in partial
fulfillment of the requirements for the degree of Master of Science, with a major in Wildlife and
Fisheries Science.
Richard J. Strange, Major Professor
We have read this thesis and recommend its acceptance:
James W. Habera, Mary Sue Younger
Accepted for the Council:
Carolyn R. Hodges
Vice Provost and Dean of the Graduate School
(Original signatures are on file with official student records.)

To the Graduate Council:

I am submitting herewith a thesis written by Ryan M. Phirman
entitled "Abundance, Growth, and Movement of Brown Trout in
a Second Order Tennessee Stream". I have examined the final

copy of this thesis for form and content and recommend that
it be accepted in partial fulfillment of the requirements
for the degree of Master of Science, with a major in
Wildlife and Fisheries Science.

Richard J". j Str

Mai or

Professor

We have read this thesis and

recommended its acceptance:

0

Accepted for the Council:

Associate Vice Chancellor and
Dean of the Graduate School

ABUNDANCE, GROWTH, AND MOVEMENT OF BROWN TROUT
IN A SECOND ORDER TENNESSEE STREAM

A Thesis
Presented for the

Master of Science

Degree

The University of Tennessee, Knoxville

Ryan Michael Phirman
May 1998

AO~VET-*ED.

"TKcr.iv:
. P35'7

ACKNOWLEDGMENTS

There are many people who deserve thanks and credit

upon the completion of this thesis, for without the
cooperation of any of them, this thesis would not have been
possible.

First I would like to thank Dr. Richard J.

Strange for being my major professor and serving on my
committee, for all of his advice, guidance, and assistance
in the field, and for being a friend.

I want to thank James

W. Habera for serving on my committee, for sharing his

extensive knowledge of wild trout, and for his expertise and

assistance in the field.

I also want to thank Dr. Mary Sue

Younger for serving on my committee.

Their time spent is

highly valued and much appreciated.
I would like to thank the Tennessee Wildlife Resources

Agency, for the use of their equipment and the many hours

spent by personnel collecting afield including Rick Bivens,
Bart Carter, Carl Williams, David Lane, and James McAfee.
want to thank the United States Forest Service for the use

of the Cherokee National Forest, their cooperation, and

assistance in the field from Gurnie Miller, Marcia Carter,
and Ernest Strickland.

I also want to thank the UT

Agriculture Experiment Station for the funding of this

project and all the student volunteers from UT, including
Neal Bates, Jeff Highfill, Nathan Klaus, and Brad Herring,
who aided in data collection.

11

I

I want to thank Dr. Joe Clark, for his computing
assistance and expertise in mark-recapture experiments.
Much appreciation also goes to Dr. Arnold Saxton who spent
many hours providing statistical and computing assistance.

To all of my friends and family, especially my
grandparents, parents, and my brother. Randy, for pushing me
to always do my best, making me who I am, and guiding me in

the right direction in life.

The many gifts they have given

me have never been without notice or appreciation.
Last, but certainly not least, I want to thank my

fiancee, Rebecca, for the constant encouragement, support,
and love that she has given me throughout this endeavor.

It

hasn't always been easy, but she has always been there when

I needed her.

I love her with all of my heart.

To everyone mentioned here, I cannot thank you enough.

iix

ABSTRACT

A multiple mark-recapture study was performed on a wild
population of brown trout (Salmo trutta) and brook trout
(Salvelinus fontinalis) in Laurel Fork, a second order
stream in Carter County, Tennessee.

The 1.5 km study area

was divided into 37 contiguous sections and was surveyed
every three months from July 29, 1996 to October 31, 1997

with two AC backpack electrofishing units.

Large fish (>130

mm) were marked using Visible Implant Tags (VITs) while
small fish were cold branded.

adipose fin clip.

All fish were marked with an

Length, weight, and section of capture

were recorded for each fish and scales were taken from all

fish for age determination and verification.
Total salmonid densities ranged from 163 to 311 fish/ha
(147 - 252 fish/ha for brown trout and 16 - 67 fish/ha for

brook trout) and were significantly lower in January 1997.
Young of the year (YOY or age-0) and age-1 fish made up the
majority of the catch.

No brook trout were over age 3 and

only two age-4 brown trout were collected.

Total salmonid

standing crop ranged from 7.99 to 13.85 kg/ha and was
highest in the spring and summer of 1997.

Fish distribution

throughout the study area differed significantly with higher
trout numbers in lower stream reaches and more brook trout,

relative to brown trout, in upper stream reaches.
Fish were found to be quite sedentary, with only 12% of
brown trout moving more than one section ('40 m) from where
iv

they were first captured.

No seasonal movement trends or

spawning migrations were observed, except that fish moved
least between October 1996 and January 1997, with no fish
moving more than one section.

Overall movement averaged 15

m upstream for brown trout and 27 m upstream for brook trout

and was not significant from zero.

Older fish (>age 1)

tended to move farther but less often than YOY.

Adult fish

remained in the same section 56% of the time compared to 49%
for

YOY.

Annual brown trout production was 10.35 kg/ha. The

highest three-month production interval was February through
April 1997 (3.83 kg/ha) and the lowest was November through
January 1997 (0.81 kg/ha).

Age-1 fish accounted for the

majority of annual production, at 5.34 kg/ha (51.5%),
followed by age-2 (27.4%), YOY (17.4%), age-3 (8.3%), and

age-4 fish (2.3%).

Instantaneous growth rates were positive

and significantly greater than zero over all periods.
Growth rates were lowest from November 1996 to January 1997

(0.13) and highest from August to October (0.77 in 1996;
0.45 in 1997).

Growth rates were primarily influenced by

fast growing YOY.

Mean annual survival for all trout was

0.45 with near zero mortality for February through April,
while survival ranged from 0.76 to 0.78 for other threemonth intervals.

Brown trout scale annuli formed between mid-January and

mid-February, with 44% of age-0 and age-1 fish having 2-3

widely-spaced circuli near the scale margin on January 27,
1997.

Effective three-month VIT retention was 73%.

Fish

size and experience of the fish tagger were associated with

higher tag retentions.

Overall cold brand retention was

78%, with better readabilities over intervals of slower
growth.
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CHAPTER I

INTRODUCTION

Background

Tennessee is home to four salmonid fishes (family

Salmonidae), primarily in the Blue Ridge and Ridge and
Valley provinces in the eastern portion of the state.

Cool

streams, tailwaters, and reservoirs of the Cumberland

Plateau and Highland Rim also support introduced salmonid

populations.

These salmonids are brook trout (Salvelinus

fontinalis^ , the only native salmonid to the southeastern
United States, rainbow trout (Oncorhynchus mykiss), brown
trout fSalmo trutta), and lake trout fSalvelinus namaycustl),
which provide put, grow, and take fisheries in some twostory reservoirs.
Brook trout once inhabited nearly all of the coldwater
streams in east Tennessee down to elevations around 500 m

early this century (King, 1937).

Bivens et al. (1985) noted

that by the early 1980s, the average lower elevation for
brook trout was 926 m and that they occupied only 20% to 30%
of their former range.

This was probably due to habitat

degradation (logging, road building, etc.) and possibly
competition by introduced rainbow trout in the lower
elevations (Larson and Moore, 1985).

Because it is the only

native salmonid and because its distribution has declined,

brook trout have been studied extensively in the southeast
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(Neves and Pardue, 1983; Bivens et al., 1985; Moore et al.,
1985; Ensign et al., 1989; Strange and Habera, 1992-1997;
Habera and Strange, 1993; Kriegler et al., 1995; etc.).
Of the three lotic species, brook trout prefer the

coolest water temperatures (11-16 C) and typically inhabit

small, unproductive headwater streams (Raleigh, 1982).
Brook trout in this region are typically short-lived and
small in size, rarely exceeding age 3 and 30 cm (12 in.) in
length (Whitworth, 1980; Etnier and Starnes, 1993).
Rainbow trout are native to Pacific drainages of the

western United States.

They have been widely introduced

throughout the United States, especially in southern
Appalachian streams and occupy the majority of trout stream
miles in east Tennessee (Strange and Habera, 1992-1997).

Rainbow trout have also been the subject of extensive
research in the southeast (Whitworth and Strange, 1983;
Larson and Moore, 1985; Neves et al., 1985; Habera, 1987;

Ensign et al., 1990; Strange and Habera, 1992-1997; Larson

et al., 1995; etc.), particularly with respect to their
effects on brook trout.

Brown trout, native to Europe and western Asia, were

first brought to America in 1883 and have since been

transplanted worldwide.

Brown trout are the longest lived

of the three stream species in the southeast and attain the
largest sizes (Etnier and Starnes, 1993).

Although ages as

high as 38 years have been documented for anadromous (sea-
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or lake-run) brown trout (Svalastog, 1991), lotic

populations in the southern Appalachians have typically been
found to contain 4 to 6 year classes (Durniak, 1989; Strange

and Habera, 1992-1997).

They can tolerate higher summer

water temperatures (12-19 C) and prefer lower gradient
streams with more pool areas than the other two species

(Raleigh et al., 1986).

Brown trout are highly sought by

anglers, but occupy much less stream mileage than rainbow
trout in Tennessee.

Southeastern brown trout populations have been studied
(Durniak, 1989; Strange and Habera, 1992-1997; Burrell,

1997), but not nearly as extensively as brook and rainbow
trout.

Brown trout have been subject to more intensive

study in Europe (Debowski, 1991a, 1991b; Jonsson et al.,

1991; Bembo et al., 1993; Naslund, 1993; Frier, 1994;
Laitenen and Valtonen, 1994; Jensen and Berg, 1995; etc.),

the western United States (Stefanich, 1950; Platts and
McHenry, 1988; Larscheid and Hubert, 1992; Young, 1994;
etc.), and the northeastern United States (Nyman, 1970;
Hunt, 1988; Thorn, 1988; Waters et al., 1990; Meyers et al.,

1992; Kwak and Waters, 1997; etc.).

Studies that have been

performed on brown trout in the southeast, where low stream

productivity is typical, indicate that life histories differ
compared to populations in more productive waters.
Wild trout currently inhabit approximately 1,376 km of

coldwater streams in Tennessee.

Approximately 395 km lies
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within the Tennessee portion of Great Smoky Mountains
National Park (GSMNP), with the remainder mostly located in
the 253,000 ha Cherokee National Forest (CNF) (Strange and
Habera, 1997).

Most wild trout streams contain allopatric rainbow or

sympatric rainbow and brown trout in the lower reaches with
a transition to brook trout in the headwater sections

(Whitworth, 1980).

A few streams (i.e. Laurel Fork, Paint

Creek, and Turtletown Creek) support allopatric brown trout

populations (Strange and Habera, 1997) and sympatric brook
and brown trout are quite uncommon.

Bivens et al. (1985)

reported only 7.6 km of streams in Tennessee containing
sympatric brook and brown trout.

Laurel Fork was chosen as the study site for this

project because of its wild brown trout population.

It is

fairly unique as well, having sympatric brook and brown
trout in the headwaters.

Laurel Fork is one of the longer

trout streams in Tennessee (27.5 km).

The upper 17.5 km is

designated as a wild trout stream, where no stocking occurs
and special fishing regulations apply.

Growth. Movement, and Production

Many studies have documented growth (Coulston and
Maughan, 1981; Cada et al., 1987; Durniak, 1989; etc.),

movement (Whitworth and Strange, 1983; Gowan and Fausch,
1996; Burrell, 1997; etc.), production (Whitworth and
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Strange, 1983; Neves et al., 1985; Waters et al., 1990;
Debowski, 1991b; Kwak and Waters, 1997; etc.)/ and abundance

(Neves and Pardue, 1983; Platts and McHenry, 1988; Durniak,
1989; Strange and Habera, 1992-1997; etc.) of wild
salmonids.

These fundamental characteristics are vital to

understanding and monitoring any fish population.
Abundance, movement, growth, and production rates of
salmonids seem to vary within and between geographic
locations.

Kwak and Waters (1997) found strong correlations

between these parameters and stream alkalinity over a wide
range of alkalinities.

Low stream conductivity (<30 uS/cm),

alkalinity (<20 mg/L as CaCOj), pH (<7), and hence low
productivity characterize streams of the southern

Appalachians (Whitworth and Strange, 1983; Neves et al.,
1985; Cada et al., 1987; Ensign et al., 1990; Strange and
Habera, 1997).

Methods for studying wild fish vary greatly but should
not bias or effect the parameter being measured.

Common

sampling methodologies include the removal method or three

pass depletion (Van Deventer and Platts, 1983), Peterson
mark-recapture experiments (Seber and Felton, 1981), and

multiple mark-recapture experiments (Whitworth and Strange,
1983).

Stream fishes have been collected by seining (Cooper,

1951a), weir traps (Gowan and Fausch, 1996), angling
(Cooper, 1951b), and electrofishing, which is most commonly
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used at the present (Gatz et al., 1986).

Electrofishing has

been associated with high injury and mortality rates in high
conductivity water, typical of the western and northern U.S.

(Meyer and Miller, 1990).

Although, Kocovsky et al. (1997)

reported no population level effects after eight years of
electrofishing in Colorado streams.

Hudy (1985) found less

than 2% mortality and less than 3% injury to rainbow and

brook trout using high voltage AC electrofishing in low
conductivity water.

Habera et al. (1996) found overall

mortality rates of 12% and injury rates of 6% for a single
electrofishing pass using an AC backpack electrofisher in a
southern Appalachian stream.

Habera et al. (1996) recommend

that these relatively low mortality and injury rates are
acceptable in short-lived fish populations in low
conductivity streams, typical of southern Appalachian
streams.

Even though electrofishing may cause some immediate
mortality and delayed injury, and its population-level
effects are still being debated, electrofishing was used as
the method of fish collection in this study.

Although this

may cause some minimal bias, it is the only logistical

sampling method known and is widely used and accepted in the
southeast.

Immediate mortalities were found to be low

(approximately 1%) and could be corrected for using JOLLY
(Pollock et al., 1990), the population estimation software
package used in this study.

Sampling freguencies were
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limited to three months because Gatz et al. (1986) found

significantly lower growth rates in rainbow and brown trout
sampled closer than 2.5 months apart.

The authors recommend

2.5 months as the minimum time between sampling periods.

Fish Taaaina

Multiple mark-recapture experiments require fish to be
uniquely marked in such a way that does not significantly
alter growth or behavior.

Such marking techniques include

external coded wire or plastic tags (McAllister et al.,
1992), fin clipping (Gatz et al., 1986), VITs (Frenette and
Bryant, 1996), freeze branding (Raleigh et al., 1973), and
injection of various inks and dyes (Thedinga and Johnson,
1995).

Radio telemetry studies are excellent for monitoring
movements (Burrell, 1997) of larger fish.

Winter (1983)

suggested that radio transmitters be 2% or less of a fish's
bodyweight so as not to significantly affect growth or

movement.

This is a problem in some southern Appalachian

streams, including Laurel Fork, where fish rarely exceed the
250 g necessary to meet this criterion.

Whitworth and Strange (1983) uniquely marked rainbow
and brook trout using cold brands.

Other studies by Shepard

et al. (1996) and Niva (1995) found good retention rates
among larger salmonids (>150 mm) using VITs.

VITs are also

easy to read and do not significantly affect fish growth or
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behavior (McMahon et al., 1996).

Based on the results of

these studies, cold branding and VITs were chosen for

marking small (<130 mm) and larger (>130 mm) fish,

respectively.

The performance of these marking techniques

were evaluated, since their use and effectiveness for brown
trout, in the southeast, have not been documented.

The cold brands used in this study were designed from

brass tubing following the recommendations of Raleigh et al.
(1973).

Various body locations and contact times were

tested in laboratory rainbow trout prior to the beginning of
this study.

A contact time of 2 seconds on a lower mid-

lateral body location seemed to yield the most readable
brands.

Scale Annuli

Ages of salmonid fishes have been typically determined

by reading scales for annual rings (annuli) or by sectioning
various calcified structures from the fish such as sagittae
(otoliths), opercular and other bones, or fin rays (Bagenal,
1978).

Scales are most widely used since sacrificing the

specimen is not necessary and field collection is relatively
easy.

Scale annuli are quite obvious in younger fish but
become difficult to determine in older fish.

Durniak (1989)

suggested that scale annuli are reliable until age 3 in
brown trout.

Likewise, Lorson and Marcinko (1988) found
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that ages determined by both scales and otoliths begin to
diverge after age 3.

Cooper (1951a) and Beamish and

McFarlane (1983) recommend that age validation take place no
matter what structure is used for aging.

In this study,

ages were validated by the Peterson method (Bagenal, 1978)
and by cross referencing ages of the same fish from
different sample dates.

Even though scale annuli are commonly used to determine
age, the timing of the formation of these annuli is not well
known.

Cooper (1951a) suggested that this timing may be

influenced by locality, water temperature, age, and growth
rate.

Annuli are formed primarily in March in YOY rainbow

trout in Little River, GSMNP (S. Moore, pers. comm.).

Although the timing of brown trout annulus formation is
probably similar, this has not been documented.

Studv Objectives

Information about the basic biology of brown trout in
Tennessee is essential for the proper management of this
valuable resource.

Therefore, to increase the current level

of understanding of southern Appalachian brown trout, the

objectives of this study were as follows:

1.

To assess abundance, age, and size structure of
the salmonid populations in Laurel Fork employing
multiple mark-recapture techniques.
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To determine both seasonal and net annual

movement, growth, and production of the salmonids
in Laurel Fork.

To determine the timing of annulus formation on
brown trout scales.

To assess cold brand and VIT retention rates.

CHAPTER II

METHODS

Study Site

The study site. Laurel Fork, is a second order

coldwater stream of the Blue Ridge physiographic province in

Carter County, Tennessee (Figure 2.1).

It is a tributary of

the Doe River in the Watauga River watershed.

Laurel Fork

is approximately 27.5 km in length, all of which supports
salmonid populations.

The lower 3 km flows through the town

of Hampton and is marginal habitat because of higher summer
water temperatures.

The mouth of Laurel Fork is at 535 m

elevation and the stream arises at approximately 1,085 m
(Bivens, 1984).
The headwater section of Laurel Fork, approximately 4.3

km, is on private land.

The next 13.2 km downstream is on

the Unaka District of the CNF.

From this point. Laurel Fork

passes in and out of private land and the CNF for another
10.0 km before emptying into the Doe River.
Prior to 1970, Laurel Fork supported wild rainbow and
brown trout with frequent supplemental stocking of catchable

and fingerling trout in several reaches of the stream.

Fish

stocked included brook trout (in the upper reaches), brown

trout, and rainbow trout (TWRA, unpub. data).

Pfitzer and

Wilkins (1954) made reference to Laurel Fork being one of
the premier put and take brown trout streams in Tennessee.
11
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Carter Co., TN

East

Tennessee

Laurel Fork Study Area

(Elevation = 963 m - 982 m)

1.
e/

P02

\5>

S/

VUSFS Road
(293B)

Figure 2.1.

Location of the Laurel Fork study area.
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Wild brook trout have always been present in many of Laurel
Fork's first order tributaries (Bivens, 1984; Strange and
Habera, 1997).

The origin of brown trout in Laurel Fork is unknown and

probably consists of many different hatchery strains.
Kriegler (1993) and Saidak (1995) characterized most brook
trout populations in the tributaries of Laurel Fork as

hybrids between native southern Appalachian populations and
northern hatchery stocks.

United States Forest Service (USFS) documents (USFS,

unpub. data) indicated that by 1986, brown trout had

replaced wild rainbow trout as the dominant species in
Laurel Fork.

Other surveys by TWRA and USFS from 1979 to

1996 showed that wild rainbow trout were rare on the 13.2 km

stretch located on the CNF (TWRA, unpub. data; Strange and
Habera, 1992-1997).

Because of the healthy, reproducing population of brown
trout in Laurel Fork, the portion above the lower USFS

boundary was reclassified as wild trout water in 1986 (USFS,
unpub. data).

Although supplemental stocking of catchable

rainbow trout is currently practiced downstream, no fish are
stocked in or upstream of the 13.2 km portion of Laurel Fork
on the CNF.

Since its acquisition by the Unaka district of the

USFS, many habitat improvement projects have been initiated
on Laurel Fork in an attempt to bolster wild trout

14

populations.

These included bank stabilization,

rechannelization, and construction of many habitat

improvement structures (USFS, unpub. data).
The study area for this project was a 1,532 m stretch
from 963 to 982 m elevation.

The downstream end began "20 m

above Cook Branch and ended midway between Camp Ten Branch

and Hays Branch at the beginning of a series of beaver
ponds.

The upper boundary was an old beaver dam that was a

substantial, but not impenetrable, barrier to trout
movement.

No barrier to trout movement was present below

the study site for approximately 2 km (Bivens, 1984).

Three

tributaries. Camp Fifteen Branch, Bitter End Branch, and
Camp Ten Branch, enter Laurel Fork within the study section.
Several habitat improvement structures have been placed

within this section by USFS, including six plunge pools with
wedge dams that were built as recently as 1989 (USFS, unpub.
data).

The study area was low gradient (12 m/km or 1.2%) with
a mean width of 5.36 m and a mean depth of 22.1 cm.

Most

pools averaged just over 0.5 m in depth but did not exceed 1

m in any part of the study area.

The pool-riffle ratio was

calculated to be 0.73:1 and the substrate was primarily
cobble (26%), bedrock (23%), gravel (19.5%), boulder (16%),

and sand (13.5%).
remaining 2%.

Silt and organic material made up the

There is some siltation from road crossings

and private land in the headwaters.
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Riparian vegetation was predominantly rhododendron

(Rhododendron spp.)» hemlock (Tsiisa canadensis). birch
(Retula spp.)» maple (Acer spp.)» and mountain laurel
(Kaimia latifolia).
Laurel Fork water quality was typical of other southern

Appalachian coldwater streams.

Temperatures ranged from 2.5

C in January 1997 to 19.5 C in July 1997.

Conductivity, pH,

and alkalinity averaged 35.4 uS/cm, 6.9, and 16.3 mg/L (as

CaCOj), respectively.

Discharge varied from 2.5 cfs (0.07

m^/s) in July 1997 to 14 cfs (0.39 m^/s) in April 1997.

All

water quality for each sample date is contained in Appendix
A.

Fishing pressure throughout the wild trout section of
Laurel Fork was estimated to be from light to moderate.

Fishing pressure in the study site was estimated to be light
because of the special fishing regulations and reduced
accessibility to this area of the stream.

No angling

activity was detected throughout the duration of the study.
The majority of trout captured in the study section would
not have been legal for harvest because of the size limits

imposed by the wild trout angling regulations (229 mm or 9
in. for brown trout and 152 mm or 6 in. for brook trout).

Data Collection

The 1,532 m study area was divided into 37 contiguous
sections which ranged from 19 m to 66 m and averaged 41.4 m
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in length (Appendix B).

Sections were terminated at natural

breaks in the stream such as small falls, riffles or

cascades.

Each section was marked at its upstream end with

an aluminum tag and surveyor's flagging.
Habitat data were recorded as sections were marked.

Starting at a randomly chosen distance from the lower

boundary, then every subsequent 30 m, stream width (nearest
0.1 m) was measured.

Depth (nearest cm) was measured at

one-fourth, one-half, and three-fourths the distance across
each width transect.

Substrate was categorized within a 0.5

m radius of each depth measurement point.

The dominant and

subdominant substrate components were listed, as well as a

percentage (nearest 10%) for the dominant component.

The

seven substrate types are listed and described in Table 2.1.
The trapezoidal area between each two consecutive
transects was calculated, then these were summed to get
total surface area.

Total surface area was used to

calculate overall substrate composition, as well as trout

density (fish/ha) and trout standing crop (kg/ha).
Gradient (nearest %) was measured with a clinometer for
each of the 30-m transects.

Pool and riffle lengths were

translated to a square-grid paper map for the calculation of

pool-riffle ratio.

Any overhanging vegetation which would

decrease fish sampling efficiency was removed.
A multiple mark-recapture study, modeled after that of

Whitworth and Strange (1983), was conducted.

Fish were
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Table 2.1.

Substrate types used in habitat
characterization.^
Code

Description

1

Decomposing leaves, wood, and other
organic material

Silt

2

Fine inorganic material (4 to 62 um
in diameter)

Sand

3

Substrate

Type

Organic
Material

Inorganic material 62 um to 2 mm in
diameter

Gravel

4

Rock fragments 2 to 64 mm (0.08 to

2.5 in.) in diameter

Cobble

5

Rocks 64 to 254 mm (2.5 to 10 in.)
in diameter

Boulder

6

Rocks >254 mm (10 in.) in diameter

Bedrock

7

Unfragmented and exposed rock

^Substrate types, codes and size descriptions are from
Strange and Habera (1993).
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sampled every three months, as recommended by Gatz et al.
(1986), to minimize the bias caused by repeated
electroshocking on behavior and growth rates.

Methods of

collection other than electrofishing were considered, as

recommended by Snyder (1995), but none were deemed suitable
for this type of study.

Because the fish in Laurel Fork

were relatively small (<250 mm in length), injury and
mortality caused by electrofishing was expected to be
minimal (Habera et al., 1996).

A total of six samples (two

summer, two fall, one winter, and one spring) were conducted
from July 1996 to October 1997.

Based on mean width of the study area and the

recommendation of Habera et al. (1992), two backpack
electrofishing units were used for each sample.

The

electrofishers were operated at 400 volts AC and run side by
side in one continuous pass upstream through the study area.

The basic electrofishing crew consisted of four experienced
personnel (two operators and two netters) and the workup

crew consisted of at least 2 personnel.

Block nets were not

used between sections to prevent trout movement.

The

natural barriers at the upstream ends of the sections served
to control such movement.

All salmonids collected were placed in labeled buckets
at the upstream end of each section.

These buckets were

covered with a mesh screen and placed in the stream until
the fish could be carried to a workup station.
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At the workup station, fish were anesthetized with
tricaine methanesulfonate (MS-222).

Data recorded included

total length (nearest mm), total weight (nearest g), section
of capture, and any mark.

All new fish were given a unigue

mark and an adipose fin clip.

This double marking technique

was recommended by McMahon et al. (1996) and Frenette and

Bryant (1996) in order to distinguish them as recaptures in
the event of a tag loss.

Any recaptures lacking an adipose

fin but with no visible mark were remarked.

All fish >130 mm received a VIT, as described by Haw et

al. (1990), in the clear adipose tissue behind the eye.

The

VITs, developed by Northwest Marine Technologies Inc.,
measured 1.3 mm wide by 4 mm long by 0.18 mm thick and were

implanted using a hand held syringe-style injector.

Each

VIT contained a unique, three digit, alphanumeric code which
could be read without magnification through the clear postocular tissue.

All fish <130 mm were cold branded following the

guidelines of Raleigh et al. (1973).

Branding was performed

using liquid nitrogen as the coolant and a set of five
brands fashioned from 4.8 mm brass tubing into simple linear

symbols (V, L, T, O, and I).

The brands were submerged in

liquid nitrogen until thoroughly cooled and were applied to
the fish in the lower mid-lateral area for approximately 2

seconds (the time determined to yield best brand

readabilities in a preliminary laboratory experiment).
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Using no more than two brands per fish and varying character

type, orientation (>, V, <, etc.)» and body location (left
or right side) permitted for the marking of 255 individual
fish.

Scales were taken from each fish for aging.

Samples

were removed from the area between the dorsal fin and

lateral line using a pocket knife and were placed in labeled
coin envelopes.

Scales were aged following the methods of

Cooper (1951a) and were validated as suggested by Beamish
and McFarlane (1983).

Scales were read with a

microprojector at 35x magnification, without knowing the
fishes length or any previously determined age, in order to
limit bias.

Using a representative scale, distances from

the scale focus to the scale margin and to each annulus were
measured to the nearest mm.

Previous studies indicated that

scales were reliable for aging southern Appalachian wild

trout up to age 3 (Durniak, 1989; Lorson and Marcinko, 1990;
and Strange and Habera, 1996).

After handling, fish were revived in fresh water, taken
back to the section of capture, and released.

Fish were

allowed to swim out of the bucket on their own in order to

prevent release before complete revival.
Upon completion of each fish sampling effort, water
quality characteristics were measured.

Temperature (C) and

conductivity (uS/cm) were measured using a Hach Model 44600

digital conductivity meter.

Total alkalinity (mg/L as
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CaCOs) was measured with a Hach Model AL-AP MG-L alkalinity
test kit and pH was measured with a Hach Model 17F Narrow

Range (5.5 to 8.5) pH test kit.

Flow was measured during

only three samples (which were typical of low, medium, and
high flow) with a Marsh-McBirney Model 20ID flowmeter by
TWRA personnel.

On December 16, 1997, a qualitative sampling effort was
made to assess migration of fish out of the study area and
into adjacent stream reaches.

The 250-m stream segment

immediately downstream of the lower study area boundary was
surveyed, as were the lower portions of the three
tributaries within the study area (Camp Fifteen Branch,
Bitter End Branch, and Camp Ten Branch).

Cook Branch, which

enters Laurel Fork just below the beginning of the study
area, was also surveyed.

The beaver ponds above the

upstream boundary of the study area were not sampled because

of excessive stream width, depth, and siltation.

Data Analysgs

Population estimates were calculated using JOLLY, a
computer software package described by Pollock et al.

(1990).

Model A in JOLLY uses the open model (allowing both

mortality/emigration and recruitment/immigration) of the
"Jolly-Seber" estimation technique described by Jolly

(1965).

This model requires that a complete capture history

be known for each fish in the population.

In cases of tag
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loss, fish were randomly redistributed among previously
captured fish of the same age that were not captured after

the particular tag loss occurred.

One population estimate

was generated for the entire salmonid population in the
study section for each sample date.

Numbers for each

species and age class were estimated according to the

proportions of each in the catch.

This was done to provide

sufficient sample sizes for calculating standard errors and
confidence intervals.

Because electrofishing gear has been found to be size
selective, with catchabilities increasing as fish length
increases (Buttiker, 1992; Borgstrom and Skaala, 1993;

Anderson, 1995), completely equal catchabilities could not
be assumed.

The major differences in catchability occur

between YOY, or age-0 fish, and older fish (Bergheim and
Hesthagen, 1990).

Strange and Habera (1992-1997) have

assumed approximately egual catchabilities above and below
90 mm, and calculated trout abundance using two fish groups.
It was assumed that any bias in this study caused by the
equal catchability assumption would be minimal, as the

majority of YOY were <90 mm in only the July samples.
Movement was calculated, as in Whitworth and Strange

(1983), by adding one half of the lengths of the sections
the fish were found in at successive samples plus the
distance between the sections.

migrations were determined.

Seasonal and annual
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Growth, production, and movement were calculated for
fish in successive captures for the appropriate species, age

class, and sampling period.

Growth rates, production

estimates, and condition factors (Fulton-type) were

calculated using the formulas in Bagenal (1978) and Ricker

(1958).

Annual production to biomass (standing crop) ratios

(P/B) were calculated as described in Newman and Martin
(1983).

The timing of annulus formation was determined by
visual inspection of multiple scale samples from YOY and

age-1 fish as they became age 1 and age 2, respectively.
Back-calculation of length at age, using scale annuli, was
also performed to compare calculated lengths at age to

actual mean lengths for the different age classes collected.
Tag retention rates for both VITs and cold brands were
calculated by dividing the total number of recaptures

bearing a readable mark by the total number of recaptures in
the sample that should have had a particular mark.
All statistical analyses, except for those provided by
JOLLY in association with population estimates, was

performed with the SAS computer software package following
the guidelines of Schlotzhauer and Littell (1987).

CHAPTER III

RESULTS

Trout Population

The Laurel Fork study area was sampled on July 29,

1996, October 30, 1996, January 27, 1997, April 30, 1997,
July 31, 1997, and October 31, 1997.

The number of

salmonids collected varied from 52 in January 1997 to 199 in

July 1997.

The total number of salmonids collected for all

sampling periods was 789 (646 brown trout and 143 brook

trout) and represented 426 different individuals.
Brook trout and brown trout constituted the entire

salmonid catch.

Brook trout captured at each sample varied

from 8.4% (N=8) of the salmonids caught in July 1996 to

25.4% (N=31) of those captured in April 1997 (Figure 3.1).

Chi-square contingency tests indicated that species
composition was not independent of sample period (P=0.021).
However, when July 1996 and January 1997 samples were

removed from the model, species composition was independent
of sample period (P=0.47).

These two samples consisted of

8.4% and 9.6% brook trout, respectively, while composition
in the other four samples ranged from 18.5 - 25.4 percent.
Non-salmonid fishes collected included blacknose dace

(Rhinichthys atratulus^, creek chubs (SemotilUS
atromaculatus), green sunfish fLepomis cyanellus), and rock
bass fAmbloplites rupestris).

Blacknose dace were very
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Figure 3.1.

Number of brook and brown trout captured on
each sample date along with the percentage
composition of the catch.
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abundant while creek chubs were common.

Only a few rock

bass (<10) and green sunfish (<5) were collected.

No

sculpins (Cottus spp.) were collected throughout the study.
No data were collected for non-salmonid fishes and they were

released immediately after capture.

Brown trout typically comprised four age classes while
three brook trout age classes were typically represented.
Older brown trout were relatively uncommon as only 14 (2%)

age-3 and 1 (0.25%) known age-4 fish were collected.

The

largest fish captured throughout the study (371 mm) was of
unknown age but was assumed to be age 4 for analytical

purposes.

Over 87% (N=565) of brown trout were either YOY

or age-1 fish.

Age-3 brook trout made up 3.5% (N=5) of

brook trout collected with 87% (N=125) being YOY or age-1
fish.

Length frequency data by age for brown trout is

presented in Figure 3.2 for the entire sampling period.
Because annuli were not formed in all fish scales from the

January sample (see "Scale Annuli" section), fish ages were
not changed until the April sample.

With respect to

sampling intervals, fish age changed between the November to

January and the February to April intervals.

Because sample

sizes were generally small, length and age frequency data
for brook trout has been summarized in Table 3.1.

Total surface area for the study site was 0.82 ha and
was used to calculate overall density and standing crop.

JOLLY output estimated total salmonid densities ranging from
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Length frequency distributions for brown trout
for all sampling periods.
(Note: The suspected
age-4 brown trout, at 371 mm, is not included
in the April 30, 1997 length frequency graph.)
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Table 3.1,

Number of brook trout captured according to age
on each sample date. Mean lengths and 95%
confidence intervals (in parentheses) are given

for each age group.^
Date

Age

Number

Mean Length

7/29/96

0

5

64 (58, 69)

2

2

189, 216

3

1

206

0

20

1

3

2

4

101 (95, 107)
130, 135, 176
190 (167, 212)

0

1

100

1

1

165

2

1

211

1

27

123 (118, 128)

2

2

3

2

153, 190
193, 220

0

4

1

32

3

2

0

11

10/30/96

1/27/97

4/30/97

7/31/97

10/31/97

71 (63, 78)
134 (128, 140)
201, 227

1

21

92 (84, 100)
142 (135, 152)

2

2

170, 188

^Confidence limits are not given for age groups with small

sample sizes (N<4).

In these cases, all lengths are given.
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163 fish/ha in January 1997 to 311 fish/ha in April 1997
(Figure 3.3).

Brown trout densities ranged from 147 - 252

fish/ha while brook trout densities were estimated between
16 and 67 fish/ha.

Population estimates could only be

calculated for October 1996, January 1997, April 1997, and

June 1997 sample periods because at least one sample is
needed, both before and after any given sampling period, to

produce an estimate using "Jolly-Seber" techniques.
Young of the year brown trout made up the largest

portion of density (58% of brown trout) in October 1996,
while age-1 fish had the highest densities in the January,
April, and July 1997 samples (58, 60, and 53%,

respectively).

Because fish age changed between January and

April, the high densities of age-1 fish in April and July
are actually the 1996 cohort.

Young of the year were too

small to be collected in April and therefore it was not

possible to estimate YOY density in April.

Age-1 brown trout had the highest standing crop of any
age class in October 1996, January 1997, and July 1997 (46,
72, and 52% of all brown trout, respectively).

In April

1997, age-2 brown trout made up the largest standing crop
component (44%).

Total salmonid standing crops were lowest

in October 1996 (7.99 kg/ha) and peaked in April 1997 at
13.85 kg/ha (Figure 3.3).

Brown trout abundance estimates

were broken down by cohort, but because various brook trout
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Figure 3.3.

Salmonid density and standing crop estimates
for brown trout, according to age, and all

brook trout

(BKT).

Error bars are 95%

confidence limits on total density and standing
crop.
Standing crops and densities with the
same letter are not significantly different.
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sample sizes were small in some instances, they were
combined.

The low density in January 1997 (163 fish/ha) differed
significantly (Bonferroni protected t-tests, alpha (a)=0.05)
from both April 1997 and July 1997 estimates of 265 and 311

fish/ha, respectively.

Biomass estimates for October 1996

and January 1997 (7.99 and 8.08 kg/ha, respectively)

significantly differed from the estimates for April 1997 and
July 1997 samples (13.85 and 12.62 kg/ha, respectively) as
well.

The total number of trout per section was greatest in
the downstream portion of the study area and tended to
decrease for sections farther upstream (Figure 3.4).

Linear

regression showed that this decrease in frequency was

significant (P<0.0001, r^=0.60).

Distributions of brook and

brown trout differed significantly (Chi-square test,
P=0.001), with a higher proportion of brown trout in the
downstream sections.

For example, 397 trout (371 brown and

26 brook) were collected in the lower 500 m of the study
area whereas the upper 1,000 m contained 393 fish (276 brown

and 117 brook trout, respectively).

Higher proportions of

YOY were found in lower stream sections for brown trout

(P=0.02) but YOY brook trout distribution did not differ

significantly (P=0.07) throughout the study area.
JOLLY also computed capture probabilities for the four

inclusive samples.

Estimated catchabilities ranged from
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0.39 in January 1997 when water temperature was 2.5 C and

large ice shelves were present along the shoreline of the
stream, to 0.78 in July 1997 when low flow and excellent
water clarity were present (Table 3.2).

January 1997

catchability significantly differed from both October 1996

(0.69) and July 1997 using Bonferroni protected t-tests

(a=0.05). Catchability averaged 0.61 over all sampling
periods.

Movement

A total of 190 brown trout and 25 brook trout were

captured in consecutive samples so that a movement distance,
over a specific 3-month interval, could be determined.

Mean

movement for brown trout for each sample period and age
class is provided in Table 3.3.

Brook trout sample sizes

were too small to calculate mean distances for age groups
and/or samples.

Mean movements and dispersal distances (the

magnitude or absolute value of movement) were small.

This

was due to a very large portion of fish (64%, N=121) that
were captured in the same section during successive sampling
efforts.

Only 12% (N=23) of brown trout recaptured in

successive samples moved more than one section from their
place of original capture.

The distribution of the movement data appeared to be
non-normal with a very large number of fish around the
origin and then a few fish at various distances traveled

36

Table 3.2.

Capture probability estimates with 95%

confidence intervals (in parentheses) for all

salmonids by sampling date.^
Date

Catchability^

10/30/96

0.69^

(0.57, 0.81)

1/27/97

0.39^

(0.29,

0.48)

Moderate flow (8.6 cfs),
large ice shelves along
shoreline, cold water
temperature

4/30/97

0.56"''' (0.45,

0.66)

Marginal high flow (14
cfs), fair water clarity
(somewhat turbid)

7/31/97

0.78"

Stream Conditions

(0.67, 0.88)

Low flow^, good water

clarity

Low flow (2.5 cfs),

excellent water clarity

^Since samples i-1 and i+1 were necessary to get capture
probability for sample i, these estimates could not be
calculated for 7/29/96 and 10/31/97.

^Means with the same letter are not significantly different.
^Flow rate data was not available for this sample.
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Table 3.3

Mean movement (m) and dispersal (m) of brown
trout, with 95% confidence limits (in
parentheses), according to age class and
sampling interval.
N

Mean Movement^

Mean Dispersal

0

13

1

9

53 (-101, 207)
0 (-17, 17)

149 (22, 276)
10 (0, 25)

2

5

-147

147

All

27

-2^

0

10

1

2S).

14 (-3, 31)
-4 (-15, 7)

14 (0, 31)
10 (0, 20)

All

30

1

7

2

19

-3 (-29, 23)
40 (-22, 102)

14 (0, 36)
40 (0, 102)

3

1_

110

110

All

27

1

26

2

18

0 (-78, 78)
88 (-44, 220)

3

2_

35.5. 39.5

Interval

Age

7/96 - 10/96

10/96 - 1/97

1/97 - 4/97

4/97 - 7/97

All

7/97 - 10/97

46

2a,b

31^'

36''

r-473. 179^

(-87, 84)

^

(-13, 76)

(-30, 102)

fO. 473^

102'' (28, 177)

ll'' (3, 20)

36"'"" (0, 79)
70 (0, 142)
105 (0, 234)
35.5.

39.5

82" (20, 144)
70 (0, 151)
15 (1, 29)
116 (0, 263)

2

12

-44 (-132, 44)
13 (-1, 27)
88 (-68, 244)

3

x_

0

0

All

60

15^'" (-21, 50)

48"'"" (14, 82)

0

14

1

33

^Confidence limits are not given for age groups with small
sample sizes (N<5). In these cases, all distances are
given.
Means with the same letter are not significantly different.

^Negative values refer to downstream movements.
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(up to'1,106 m).

Normality tests indicated that the

movement and dispersal data were significantly non-normal

(P<0.0001).

Since ANOVA and other statistical analyses

require normally distributed data, ranking procedures were
used to redefine the data so that ANOVA could be used.

Fish age significantly explained some of the variation
in movement (P=0.049) and sample period was marginally
significant (0.05<P<0.10).

Older fish tended to move longer

distances when they moved, but were captured outside of
their original section less frequently (44%) than were YOY

(51%).

Adjusted mean movement for all ages differed

significantly between July/October 1996 and January/April
1997 (P=0.02) and between July/October 1996 and April/July
1997 (P=0.01).

Mean movement from July to October 1996 was

downstream and was the only movement interval that was
significantly different from zero (P=0.05).
Age-2 fish were the only group within a sampling
interval (July to October 1996) to show significant net
movement (P=0.009), although sample size was small (N=5).
Age-2 fish were also the only group exhibiting significant

movements between sampling intervals.

The net downstream

movement from July to October 1996 differed significantly
from net upstream movements found in all other sampling
periods (P<0.04), except October/January 1997.

Although

some statistical significance was found between the

movements mentioned above, the relatively small differences
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in these mean movements may not be biologically significant
(see Table 3.3).

The same type of ANOVA procedures were used to analyze

dispersal.

Dispersal was not found to be significant

between different samples or age classes overall (P=0.11 and

0.07, respectively).

Only dispersal for YOY from July to

October 1996 was significantly greater than zero (p=0.01).

Dispersal for age-2 fish from April to July 1997 and age-3
fish from January to April 1997 was marginally significant
(0.05<P<0.10).

Dispersal for all age classes was

significantly lower between October 1996 and January 1997

than for the intervals of July/October 1996 and April/July
1997 (P=0.04 in both cases).
The use of this ranking procedure does not account for

the large magnitudes of the dispersing movements undertaken

by some fish and may not be a suitable test for dispersal.
Due to the non-normal nature of the dispersal data, other
tests could not be run.

It was apparent, however, that mean

dispersals were quite small (Table 3.3).
Mean tri-monthly movement was calculated for all fish

that were recaptured at least once.

Mean tri-monthly

movement was derived by dividing the distance moved by the
number of intervals between captures.
A large portion of brown trout (N=225, 87%) and brook
trout (N=36, 64%) had mean tri-monthly movements less than
75 m (Figure 3.5).

Mean tri-monthly movements of the
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Figure 3.5.

Mean tri-monthly movements for brook and brown
trout recaptured at least once throughout the
study period.
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remaining fish ranged from 75 m to 1,100 m.

Overall mean

tri-monthly movement for brown trout was 15 m upstream and
was 27 m upstream for brook trout.

Most brown trout (N=167,

88%) stayed within one section of where they were first
captured, although several fish moved many sections.
This bimodal distribution indicates there are both

movers and nonmovers in the population.

Movers were defined

as fish moving more than one section from their initial
place of capture.

Net movement among movers (N=23) was

upstream and averaged 127 m.

These movements ranged from

758 m downstream to 1,106 m upstream.

Net movement for

movers does not appear to be significant because of the
large variation.

Net movement for movers was upstream for

January/April 1997 (N=3), April/July 1997 (N=7), and
July/October 1997 (N=6), and downstream for July/October

1996 (N=7).

No fish captured over the October/January 1997

interval moved more than one section.

None of these

movements appear to be significant because of small sample
sizes and large variances.

Although dispersal for movers

appeared to be large, averaging 379 m, no statistical

analyses were performed on movers because it is a biased
sample group.

Brown trout that were captured multiple times (three or
more times, N=60) tended to exhibit one of three movement
patterns.

Many fish remained in the same section or within

the adjacent sections every time they were captured.

Other
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fish remained in the same section for multiple captures and
then moved to another section a great distance away and
remained there for the duration of the study.

A few fish

showed the ability to move fairly large distances and then
return to the original section of capture, where they
remained for the duration of the study.

These types of

movement did not seem to be associated with the fall

spawning period.

In fact, the movement data suggested no

particular pattern except that a large percentage of fish
remained in their original or adjacent capture section over
every interval.

No fish captured three or more times moved

more than one section from its previous site of capture
every time they were sampled.
Brook trout movements appeared to be more random and no

patterns were observed.

The sample sizes were not large

enough to provide meaningful analyses.
The qualitative survey, on December 16, 1997, of the
250-m stream segment below the lower study area boundary

produced one marked brown trout (of 27 collected) and one
marked brook trout (of 2 collected).

The marked brown trout

was collected immediately adjacent to the first study
section, and the marked brook trout was found between 50 and
100 m below the study area.

Of the 38 brook trout and 4

brown trout collected in the four tributaries surveyed, only
one brook trout was marked.

Each tributary was sampled
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until a sufficient barrier to upstream trout movement was
encountered (75 to 200 m from the mouths in all cases).

Growth and Production

Fulton-type condition factors were computed for all
samples according to species and age group.

Tables 3.4 and

3.5 list mean lengths, weights, and condition factors for
brown and brook trout, respectively, throughout the study

area.

Mean condition factors for brown trout ranged from

0.91 for age-1 fish in July 1996, to 1.03, for age-1 fish in

April 1997.
<4.

Means were not considered when sample size was

One age-4 fish, the largest fish collected throughout

the study, had a condition factor of 1.07 in April 1997 and
another age-4 fish, measuring 335 mm, had a condition factor
of 1.16 in July 1996.

Age, within samples, was not found to be significant in
determining condition factors for brown trout (P=0.32).
Condition factors did vary among samples when condition
factors for all ages were combined (P<0.0001).

Mean

condition factor was 1.02 in April 1997 and was

significantly higher than all other samples using least
significant difference tests (a=0.05).

Mean condition in

October 1997 (0.98) was also significantly higher than in
January 1997 (0.96), October 1996, July 1996, and July 1997
(0.93 for all).
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300

436

278

152

1.03

0.95 (0.88, 1.03)
0.91 (0.89, 0.92)
0.95 (0.92, 0.98)

Condition Factor

335

(107, 117)
(179, 188)

3

1

18
184

112

10

51
161
264

14
60

199

29
82
203

(3, 3)
(32, 37)
(105, 200)

-L

27

35

3

(66, 71)
(151, 159)
(224, 272)

4
87
102

Weight

Mean length (mm), weight (g), and condition factor (Fulton-type), with
95% confidence limits (in parentheses), for brown trout by age and date.^
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Table 3.4.

Age

33
248

Length

Date

0
9

43

All
64
175

1

_2

140

(136, 144)
(195, 205)
(247, 297)

548

4
43
92

(12, 15)
(56, 64)

(27, 32)
(75, 88)
(160, 246)

(4, 5)

0.93^ (0.92, 0.95)

1.00

0.94 (0.88, 1.01)
0.92 (0.91, 0.94)
0.94 (0.92, 0.96)

1.02'' (1.00, 1.04)

1.07

1.03 (0.99, 1.06)
1.00 (0.98, 1.03)
1.01 (0.88, 1.13)

0.96^ (0.94, 0.98)

1.Q 4

0.95 (0.91, 0.99)
0.96 (0.93, 0.98)

0.93^ (0.91, 0.95)

Q.81

0.93 (0.90, 0.96)
0.94 (0.92, 0.96)
0.96 (0.90, 1.02)

0.93^ (0.90, 0.96)

1^

1

0
253

2
47

200

(72, 77)
(163, 169)
(207, 218)

211

(9, 11)
(47, 55)
(115, 206)

8

37

All
55

272

(99, 104)
(171, 179)
(229, 276)

2

1

3

All

1
5

30

0

2

91
75

276

371

4
All

43

213

166

161

2.

-L

0

29

86

268

3

110

320

N

7/29/96
2

1

10/30/96

1/27/97

4/30/97

7/31/97

2

1
3

All

Table 3.4.

(Continued)

Age
10/31/97

N

Length

0

74

98

1

55

182

2

17

226

3

306

All
1

. -

2

.

Weight

(96, 101)
(178, 186)
(217, 234)
(258, 354)

10
59
118
292

Condition Factor^

(9, 10)
(55, 63)
(102, 133)
(137, 446)

150

(0.96, 1.03)
(0.94, 0.97)
1.01 (0.97, 1.04)
0.99 fO.89. 1.09)
0.98'' (0.96, 1.00)
1.00

0.95

.

— ——

^

A.wa.

*¥ a. U.A4

OHIO X X

S>l

Means with the same letter are not significantly different.
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Table 3.5.

Mean length (mm), weight (g), and condition factor (Fulton-type), with
95% confidence limits (in parentheses), for brook trout by age and date.^

Date

Age

1I29I9S

0

5

64

2

2

203

75

3

1

206

76

All

8

10/30/96

1121IS!

4/30/97

N

(58, 69)

Weight

Condition Factor

1.14 (0.81, 1.47)

3

0.90

Q.87

1.05'' (0.85, 1.25)

0

20

101

1

3

147

2

_A

190

All

27

(95, 107)
(167, 212)

10

0.88 (0.83, 0.94)

30

0.92

55

0.80 f0.70. 0.91)

0.88" (0.83, 0.92)

0

1

100

9

1

1

165

45

1.00

2

2

211

86

0.89

All

5

0.90

0.92"''= (0.81, 1.02)

(118, 128)

1

27

123

18

0.92 (0.89, 0.96)

2

2

172

50

0.96

207

95

3

All

7/31/97

Length

0

4

71

1

32

134

3

All

1.Q7

0.93" (0.90, 0.97)

31

214
38

(64, 78)
(128, 140)

3
21
98

(2, 4)

0.83 (0.69, 0.97)
0.84 (0.81, 0.87)
1.00

0.85" (0.82, 0.87)

o\

Table 3.5.

(Continued)

Date

Age

10I31IS1

N

Length

Weight

Condition Factor^

0

11

1

21

92 (84, 100)
142 (135, 150)

7 (5, 9)
26 (22, 30)

0.90 (0.82, 0.99)
0.88 (0.85, 0.92)

2

_2

179

53

0.89

All

34

Means with the same letter are not significantly different.

0.89''''= (0.86, 0.92)
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Age within samples was a significant determinant of

condition factor for brook trout (P=0.03),
significant when samples were combined.

but was not

Condition factors

appeared to be more variable for brook trout than brown
trout.

Condition factors for brook trout were also

significantly different between samples (P<0.0001).
Condition factors in July 1996 (1.05) were significantly

higher than all others (a=0.05).

Condition factors in April

1997 (0.93) differed significantly from those in October
1996 (0.88) and July 1997 (0.84).
Instantaneous growth, which is the difference in the

natural logarithms of fish weights at successive captures
over the change in time, was calculated for brown trout.
Instantaneous growth rates were then multiplied by
corresponding mean biomass estimates over each 3-month

interval to get production estimates (kg/ha) for each
interval.

Instantaneous growth rates and production

estimates were calculated separately for each age group
(Table 3.6) as they differed significantly between age
groups and intervals (P<0.0001).

Because mean biomass could

not be calculated for the first and last sampling interval,

these mean biomasses were approximated using the estimate
for the inclusive sample date for which a biomass estimate
was calculated (e.g. the October 1996 biomass estimate was

used for the August to October interval).

Instantaneous
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Table 3.6.

Mean instantaneous growth rates and three-month
production estimates (kg/ha) for brown trout by
age and sampling interval (95% confidence limits

in parentheses).^

Interval

Age

7/96-10/96^

0

1.29

1

0.40

10/96-1/97

2

0.07

3

0.07^

0
1
2
3

1/97-4/97

1
2
3
4

4/97-7/97

0
1
2
3
4

7/97-10/97^

Growth Rate

0
1
2
3

Production

(1.00, 1.58)
(0.32, 0.47)
(-0.09, 0.22)

0.16

1.08, 1.81)
1.03, 1.60)
-0.10, 0.41)

r-0.09. 0.22^

0.03

-0.02.

1.45
1.31

0.08^

0.77^ (0.52, 1.01)

2.95" (1.99, 3.90)

0.19

(0.04, 0.33)
(0.05, 0.16)
0.10^ (0.05, 0.16)
o.io' ro.o5. 0.16^
0.13" (0.07, 0.19)

0.17

0.10

0.43

(0.68, 0.85)
(0.25, 0.34)
0.30^ (0.25, 0.34)
0.30' (0.25. 0.34^
0.41"= (0.31, 0.50)

0.18

0.05, 0.30)
0.20, 0.66)
0.08, 0.28)

0.03

0.01. 0.04^

0.81® (0.34, 1.29)

0.51

1.32, 1.92)
1.23, 1.84)
0.39, 0.63)

0.17

0.14. 0.20^

0.76

1.62

0.30

1.53

0.36' (0.28, 0.43)
(0.28, 0.43)
0.12 (0.07, 0.17)
0.12 (-0.45, 0.69)
0.12' f-0.45. 0.69^
0.26" (0.20, 0.31)
0.36

(0.66, 1.22)
(0.30, 0.37)
0.23 (0.18, 0.28)
0.23' ro.i8. 0.28^
0.45'= (0.35, 0.54)

3.83" (3.07, 4.58)
0.06)
2.07)
0.82)
0.34)

0.19

0.04,
1.26,
0.32,
0.04,

0.07

0.02. 0.12^

0.05
1.66
0.57

2.54" (1.68, 3.41)

0.96

0.18, 0.34)
1.63, 2.26)
0.73, 1.18)

0.23

0.16. 0.301

0.94

0.26

0.34

1.94

3.39" (2.70, 4.07)

^Growth rates and production estimates with the same letter

are not significantly different.

^Since mean biomass could not be computed for the first and

last sampling interval, biomass estimates for the inclusive
sample date were used to calculate production.

^Instantaneous growth rates for the closest age class were
used for age classes where sample sizes were small.
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growth rates were only estimated for fish captured and
recaptured in successive samples.

For age classes where

sample size was insufficient to estimate growth rate, the
growth rate for the adjacent age class was used.

This

accounted for less than 10% of the total estimated

production and should not be a significant bias.
Instantaneous growth rates differed significantly
according to fish age and sample date (P<0.0001 for both)

using ANOVA.

Mean instantaneous growth rates were highest

from August to October 1996 (0.77) and differed

significantly from all other intervals (a=0.05).

The mean

growth rate for August to October 1997 (0.45) was

significantly different from those for November to January
1997 (0.13) and May to July 1997 (0.26) samples.

The high

means during the August to October intervals were highly

influenced by the growth rates of YOY during those periods
(1.29 in 1996 and 0.94 in 1997, Table 3.6).

The November to

January 1997 growth rate (0.14) was significantly lower than
all but the May to July 1997 interval, including the growth
rate from February to April 1997 (0.41).

Overall, instantaneous growth rates were significantly

higher than zero for all sampling periods.

However, growth

rates for age-3 fish from May to July 1997, February to

April 1997, and August to October 1997 were not

significantly different from zero (P=0.44, P=0.96, and
P=0.84, respectively).

Additionally, the growth rate for
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age-2 fish from August to October 1996 did not differ from
zero (P=0.48).

Three-month production estimates for brown trout ranged
from 0.81 kg/ha for November to January 1997 to 3.83 kg/ha

between February and April 1997 (Figure 3.6).

Brown trout

production averaged 2.59 kg/ha per three-month interval,
thus estimated annual brown trout production was 10.35
kg/ha.

Because two estimates were obtained for the August

to October interval (2.95 for 1996 and 3.39 for 1997), the
average August to October production (3.17 kg/ha) was used.

Production for November to January 1997 (0.81 kg/ha)
was found to be significantly lower than for all other

intervals using Bonferroni protected t-tests (a=0.05).
However, November to January production was significantly
greater than zero (P<0.05).

There was no significant

difference among the other three-month production estimates.

The majority of annual production (5.34 kg/ha or 51.5%) was
by age-1 fish (Figure 3.6), followed by age-2 (2.84 kg/ha or
27.4%), YOY (1.08 kg/ha or 17.4%), age-3 (0.86 kg/ha or
8.3%), and age-4 fish (0.24 kg/ha or 2.3%).

The annual production to biomass ratio (P/B) for brown
trout (0.98) was calculated using the mean biomass (10.6

kg/ha) and total annual production (10.35 kg/ha) determined
previously.
Production estimates and instantaneous growth rates
could not be calculated for brook trout because of small
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Production (kg/ha)
5

a

T
3.83

4

a

T

3.39

3

2.95

□ Age 4
□ Age 3
Age 1
Age 0

2.54

\—

2

wwm

1

0.81

Aug-Oct 1996

Feb-April 1997

Nov-Jan 1997

Aug-Oct1997

May-July 1997
Period

Annual Production (kg/ha)
6
5.34

2.84

1.08

0.86

0.24

Age class
Figure 3.6.

Brown trout production for each sampling
interval by age class, with 95% error bars, and
total annual production by age class.
Production estimates with the same letter are

not significantly different.
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numbers of successive recaptures.

Comparison of mean length

at age for brook trout and brown trout (Appendix C)
indicated that brook trout have similar growth rates up to
age 1.

Beyond age 1, brown trout outgrew brook trout and

were about 100 mm longer by the fourth growing season.
Because brook trout density is <24% of brown trout density
and brook trout biomass is <13% of brown trout biomass,
production by brook trout in Laurel Fork is probably on the
order of 10% of that for brown trout (25% maximum).
JOLLY also computed survival rates (p) from the

multiple mark-recapture data for the entire trout

population.

The highest survival rate (0.993) occurred

February through April 1997 (Table 3.7) and was
significantly higher than other survival estimates

(Bonferroni protected t-tests, a=0.05).

Mean tri-monthly

survival averaged 0.826 and annual survival was 0.453, thus
total annual mortality was 55%.
The length and age frequency distributions (Figure 3.2)

indicated that most fish died by age 3 and nearly all died
by age 4.

Only 2.5% (N=16) of brown trout sampled were age

3 or older and only two age-4 (or older) fish were

identified during the study.

Annulus Formation

Scales from YOY and age-1 brown trout from the January

and April samples were closely examined for increases in
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Table 3.7.

Survival rates (p) for all trout according to

sampling period with 95% confidence limits.^

Period

Survival^

95% Confidence Limits

7/96 - 10/96

0.772^

0.663 - 0.881

10/96 - 1/97

0.779^

0.676 - 0.881

1/97 - 4/97

0.993''

0.859 - 1.000

4/97 - 7/97

0.759^

0.647 - 0.871

^Since samples i, i+1, and i+2 were necessary to get

survival rate estimates for sample i to i+1, survival rates
could not be calculated for 7/97 - 10/97 using Jolly-Seber
estimation techniques.

^Means with the same letter are not significantly different.
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growth (more widely spaced circuli) that would indicate
annulus formation.

to age.

Brook trout scales were more difficult

This was caused by the small size and irregular

shape of brook trout scales as well as the fact that they
contained fewer circuli than brown trout.

Some brook trout

ages had to be determined or verified by observing scales
from multiple samples.

Brook trout ages, especially ages 2

and 3, were difficult to determine from scales.

As a

result, the time of formation of annulus was not determined
for brook trout.

Some scales from the January 27, 1997 sample began to

show wider circuli spacing near the margin of the scale.
Forty-four percent of both age-0 (N=8) and age-1 (N=12) fish
had noticeably larger spaces between the two or three
outermost circuli.

Although more circuli were necessary for

comparison to positively determine an annulus, the widening
of the circuli near the margin seemed to indicate the
beginning of spring growth, as cutting over of circuli was
frequently observed.

Mean scale margin was 20.1 mm for age-0 fish and 32.6

mm for age-l fish in January.

In April, mean scale margin

for new age-1 fish was 25.2 mm with the annulus averaging
18.0 mm from the focus.

Annuli in April were easily

observed in all new age-1 fish and considerable growth had
taken place since annulus formation, judging by the
additional amount of scale formed.

Likewise, scale margins
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averaged 35.4 mm for new age-2 fish in April, with an
average distance from focus to the newly formed annulus of
30.8 mm.

Mean length for new age-1 fish was 112 mm in January
and 140 mm in April.

Mean back-calculated length at age 1

for these fish was 109 mm.

New age-2 fish measured 183 mm

in January and 200 mm in April.

Mean back-calculated length

at age 2 for these fish was 177 mm.

Therefore, both back-

calculation and scale observation suggest annulus formation
began just prior to the January 27, 1997 sample.

Annulus

formation was probably complete for all fish by mid- to
late-February.

Tag Retention
Because of the nature of the experimental design (e.g.
tag replacement and unknown tag loss times), VIT and cold
brand retention rates could not be statistically analyzed.
However, effective retention rates for the three-month

intervals with tag replacement were obtained.

Seventy-three

percent of recaptured adult brown trout >130 mm (N=238) had

VITs.

Overall, retention rates tended to vary with fish

size; there was 59% retention in fish <190 mm (N=128) at
recapture and 90% retention in fish > 190 mm (N=110).
Overall VIT retention rate was lowest for the first

recapture period (47%, N=30), but averaged 77% (N=208) for
the other four recapture periods.
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The overall cold brand retention rate was 78% (N=76)
and the highest retention occurred in January (92%, N=13)
when growth rates were the lowest.

All three-month

retention rates for cold brands were >70%.

CHAPTER IV

DISCUSSION

Trout Population
The total salmonid densities (163 - 311 fish/ha) and

standing crops (7.99 - 13.85 kg/ha) observed in upper Laurel
Fork were within the lower part of the range for all
Tennessee streams (Strange and Habera, 1992-1997).

Overall,

Strange and Habera (1997) reported a mean salmonid density
of 1,280 fish/ha and mean salmonid standing crop of 31.06

kg/ha for 218 quantitative samples taken from Tennessee
streams between 1991 and 1996.

Median density and standing

crop was 953 fish/ha and 26.44 kg/ha.

Brown trout tended to

occur at much lower densities (188 fish/ha) than brook
(1,225 fish/ha) and rainbow trout (1,149 fish/ha).

They

also found mean brown trout standing crop (15.23 kg/ha) was
somewhat lower than that of brook (19.92 kg/ha) and rainbow
trout (26.33 kg/ha).

Strange and Habera (1997) found trout densities and
standing crops from 274 to 598 fish/ha and 23.5 to 35.9
kg/ha between 1991 and 1996 at a monitoring station "4 km

downstream of the Laurel Fork study area.

Higher elevation

and poorer habitat in the study area may explain why
estimates from this study were below those reported by
Strange and Habera (1997).

The authors also reported 298 to
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687 fish/ha and 18.7 to 27.7 kg/ha for another monitoring
site approximately 9 km downstream.
Habera and Strange (1993) reported that southern

Appalachian streams have salmonid standing crops that are

typically <60 kg/ha and often <20 kg/ha, which is low
compared to other regions.

Durniak (1989) reported brown

trout standing crops averaging 20 kg/ha in the upper
Chattooga River, Georgia.

Other reported standing crop

estimates include 18.9 to 44.8 kg/ha for rainbow and brook
trout in GSMNP (Ensign et al., 1990) and 3.4 to 11.8 kg/ha
for brook trout in a small Virginia stream (Neves and
Pardue, 1983).

Whitworth and Strange (1983) reported 40.3,

52.9, and 75.5 kg/ha in a brook trout zone, a mixed rainbow
and brook trout zone, and a rainbow trout zone,

respectively, for Rocky Fork, a second order Tennessee
stream.

Elsewhere, Kwak and Waters (1997) reported a mean brown

trout standing crop of 162 kg/ha in 13 Minnesota streams and
averages of 53.9 kg/ha (Platts and McHenry, 1988) and 49 to
76 kg/ha (Stefanich, 1950) have been observed in the western
United States.

Waters et al. (1990) found brown trout

standing crops and densities averaged 47.2 kg/ha and 1,024
fish/ha in Lake Superior tributaries.

All of these other

geographic localities are typically associated with higher
stream alkalinity and conductivity.

Larscheid and Hubert
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(1992) correlate high quality trout streams in Wyoming with
high alkalinity and conductivity.
The highest standing crop in Laurel Fork occurred in
April (13.85 kg/ha) and was probably related to the
relatively low mortality and high growth characteristic of
early spring.

The strong 1996 cohort could explain the

higher standing crops in April and July 1997, as they
recruited well to age 1.

The low density in January (163

fish/ha) was probably caused by high late summer to winter
mortality.

The high proportion of recaptured fish in

January (81%) indicated that very few fish replaced those in
the study area over this period.

The low catchability for

the January sample (39%) probably lowered all abundance
estimates to some degree.
Neves and Pardue (1983) suggested that standing crops
and densities are highly variable in southern Appalachian
streams.

This was attributed to variations in year class

strength resulting from environmental extremes.

Ensign et

al. (1990) reported 31 to 49% reduction in biomass for the
four-month period from July to October, primarily because of

high summer water temperatures and food limitations.

Decreased food supplies could explain lower density and
standing crop estimates for Laurel Fork in October and
January.

Debowski (1991b) reported standing crops were

highest in summer and lowest in winter in Polish rivers

while Alexander and MacCrimmon (1974) found rainbow trout
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standing crops peaked in October in Canadian streams at 70.5
kg/ha.

Summer water temperatures are probably not as

limiting in Canadian and Polish streams as they are in the
southern Appalachians.
Electrofishing is not suspected to be a significant
bias, in terms of altered population size, growth, and
movement, since collections were made every three months as
recommended Gatz et al. (1986).

In fact, standing crops and

densities actually increased during the study.

Very few

fish (<2%) actually died from electrofishing or during
workup and no evidence of impacts on growth and production
was observed.

Habera et al. (1996), Hudy (1985), and

Kocovsky et al. (1997) all maintained that electrofishing
has no detrimental population-level effects for short-lived

fish populations in low-conductivity streams.
The overall catchability of 61% compares favorably with
Habera et al. (1992) who found catchabilities of 59 to 66%
for YOY and 63 to 68% for adult trout.

Strange and Habera

(1997) reported mean catchability for trout (brook, brown,
and rainbow trout combined) <90 mm at 58% and 68%

catchability for trout >90 mm.

Bergheim and Hesthagen

(1990) reported significant differences between the
catchabilities of YOY (37 - 56%) and adult (56 - 65%) brown
trout.

Electrofishing may have introduced a small bias

because of size selectivity in July samples (some YOY were

still <90 mm).

Consequently, the age-0 density component
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for the July 1997 sample may be an underestimate.

Any

underestimate, however, should have minimal effects on

density estimates for other samples or standing crop and

production estimates for all samples, as the small YOY in
July contributed little to overall biomass.
Some noteworthy trends in salmonid distribution were
observed throughout the study.

Significantly greater

numbers of trout, especially YOY, were found in lower study
area reaches.

These were correlated with higher stream

gradient, a lower pool to riffle ratio, and generally better
trout habitat.

Brook trout abundance generally increased

upstream, but was highest around the confluences of two
brook trout tributaries (Bitter End Branch and Camp 10

Branch).

This suggests there is some input of brook trout

from the tributaries and possibly some gene flow between
them.

Movement

Experimental design for movement evaluation was modeled
after that of Whitworth (1980).

This provided high

resolution and permitted detection of small-scale movements
across the seasons.

Overall, brown and brook trout tended

to be very sedentary, moving an average of only 15 m and 27

m upstream, respectively, for each three-month period.
Eighty-seven percent of brown trout averaged <75 m of

movement (upstream or downstream) per three-month period.
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Eighty-eight percent of brown trout captured in successive
samples stayed within one section of their initial capture
and nearly two-thirds of these were recaptured in the same
section.

Whitworth and Strange (1983) found similar results

in another Tennessee stream.

Net annual movement for

rainbow and brook trout in Rocky Fork was only 25 m and 13 m
upstream, respectively.
Brook trout in this study tended to move more often
than brown trout and upstream movement was more pronounced.

The number of brook trout recaptured in successive samples
was small (N<5 in all but one case) and could not be
analyzed.

However, mean tri-monthly movement (N=56),

indicated only three fish (5%) moved more than one section
downstream and 17 (30%) moved more than one section

upstream.

Thirty-two percent of brook trout (N=18) remained

in the same section per three-month interval.

Moore et al.

(1985) found that 83% of brook trout in GSMNP were
recaptured in the same 300-m section or moved only one

section from original capture over a two-year period.
Burrell (1997) used radio telemetry to determine that

brown trout in the Chattooga River watershed (Georgia) had

very limited home ranges, although 53% of adult fish
exhibited long-range upstream spawning migrations in the

fall.

No such spawning migrations were observed in Laurel

Fork.

In fact, net movement from July to October 1996, when

upstream spawning migrations would be expected, was
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downstream (-1.7 m).

Movement from July to October 1996

differed significantly from January to April 1997 (+31.4 m)
and April to July 1997 (+36.0 m) movements.

However, these

movements were quite small and probably have no biological
significance.

Stefanich (1950) reported similar results for Montana
streams, where 75% of brown trout were recaptured in the
same section ("50 m) and the remaining 25% moved an average
of 214 m.

He found that rainbow trout moved more than brown

trout and that movement was typically downstream.

Cooper

(1951b) also concluded that brook and brown trout movements

in the Pigeon River, Michigan were minor and that these fish
populations were relatively sedentary.

Naslund (1993) found

that stream-resident brown trout in Sweden were quite
sedentary as well, with 81% in the same 100 m sections after
one year.

Naslund (1993) contended that genetic factors

primarily influenced the predisposition to migrate.
Whitworth (1980) reported two distinct groups within a
population of rainbow and brook trout: movers and nonmovers.
Although this categorization seems arbitrary, it appeared to
hold for brown trout in Laurel Fork.

Fish that moved more

often tended to move greater distances while the other fish
remained sedentary for the duration of the study.

Dispersal

among movers averaged 379 m and net movement was 127 m

upstream.

These movements were variable, ranging between

-758 m and +1,106 m, and appeared to be fairly random.

No

65

seasonal trends were observed, except that trout movement

was at a minimum between October 1996 and January 1997
samples.

Other authors have reported highly mobile brown and
brook trout populations in the western United States (Riley
et al., 1992; Young, 1994; Gowan and Fausch, 1996; Behnke,

1997) and the northern United States (Shetter, 1936; Meyers
et al., 1992; Drake and Taylor, 1996).

The majority of

these movements were associated with fall spawning.

Bembo

et al. (1993) also found that resident brown trout in Wales

make extensive spawning movements.

Meyers et al. (1992)

observed long-range (7 to 20 km) movements for Wisconsin
brown trout, for both spawning in the fall (upstream) and
downstream postspawn movements where most fish wintered in a

fourth-order river.

Fish were generally sedentary at other

times.

Movement for Laurel Fork brown trout differed

significantly among fish ages, with older fish (age 2 and
older) moving less often but over greater distances.

Older

fish may be better able to compete for a favored stream

position which may explain why adult fish were recaptured in
the same section 56% of the time.

But, older fish are more

able swimmers and are not as threatened by exposure to
predation as younger fish possibly explaining why adult fish
tended to move greater distances than juvenile fish.
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Young (1994) found that large brown trout, over 340 mm
in length, moved significantly more than small fish in

Wyoming streams, and suggested they have different life
histories.

Large-scale movements may not take place in

Laurel Fork because most fish do not survive past age 3 and
only one brown trout (<1%) in the study exceeded 340 mm in
length.

Long-range movements in Laurel Fork would also be

restricted by the several waterfalls and cascades throughout

the stream (Bivens, 1984).

Some large-scale movements (>1

km) may have occurred but were not detected since the study
area was only 1.5 km in length.

Although only 12% (N=23) of

brown trout recaptured on successive sample dates moved more

than one section from the place of original capture, it is

possible some fish moved into and out of the study area as
some unmarked adult fish were captured on every sample date.
The qualitative survey on December 16, 1997 revealed
very few marked fish outside the study area, either
downstream (within 250 m) or in the first-order tributaries.
Variation in the number of brook trout seems to suggest they
are moving into and out of the study area.

The more

pronounced movement during warmer periods could be in
response to brook trout seeking thermal refuge.

However,

use of the tributaries entering the study area would be

limited to their lower portions (75 to 200 m) because of
large barriers.
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Growth and Production

Fulton-type condition factors for brown trout varied
significantly between sample dates, but did not differ among
age classes.

Brown trout condition was highest in April

(1.02) and October 1997 (0.98).

Brown trout production was

also highest February through April (3.83 kg/ha) and August
through October 1997 (3.39 kg/ha).

This seems to suggest

that production is highest when condition and food supplies
are highest.

Ensign et al. (1990) found a strong

correlation between relative weight of stomach contents and
condition factor of brook and rainbow trout.
Brook trout condition factors were lower than those for

brown trout, overall, and were more variable.

Cooper and

Benson (1951) also found that condition of Michigan brook
trout was twice as variable as that of brown trout.
Mean condition factors for brook and brown trout

compare closely with others given for the southern

Appalachians.

Durniak (1989) reported condition factors

ranging from 0.87 to 1.07 for brown trout.

Ensign et al.

(1990) found similar values for brook and rainbow trout.

They found condition factors were highest in June and
overall condition factors tended to be lower for brook

trout.

Cooper and Benson (1951) found condition factors for

brown and brook trout were highest in June and lowest
December through March.

In Little River, GSMNP rainbow
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trout condition factors typically ranged from 0.90 to 1.00
and peaked in March at 1.04 (S. Moore, pers. comm.)
The reason October condition factors for brown trout

and July condition factors for brook trout differ between
years is unclear.

Durniak (1989) reported the same

phenomenon for brown trout in the upper Chattooga River for
1986 and 1987.

This could be due to the relative

instability of environmental factors influencing most

southern Appalachian trout streams.

Summer food limitations

(Ensign et al., 1990) and near zero winter growth may also
explain lower condition factors found during these periods.
Brown trout instantaneous growth rates differed
significantly among sampling periods and ages.

Age-0 fish

had the highest growth rates for all periods for which they
were present, followed by age-1 fish.

Age-3 fish showed no

significant growth, partly because of small sample sizes and
high variation within these samples.

Age-2 fish also had no

significant growth from August to October 1996.

Drake and

Taylor (1996) negatively correlated high summer water
temperatures with growth of age-2 and older brook trout in

Michigan.

Shetter (1936) found that brook trout >200 mm

grew much slower in summer than fish <200 mm, but growth

rates were approximately equal during cooler months.

High

summer water temperatures have also been found to limit
brown trout growth in the southeast (Burrell, 1997).
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Overall, growth rates were highest for August to
October 1996 (0.77) and 1997 (0.45), primarily because of
high YOY growth rates.

Overall growth rate from February to

April (0.41) was not influenced by high YOY growth rates and
was not significantly different from the August to October
1997 rate.

The lowest mean growth rate was seen November to

January and is most likely attributable to low water
temperatures.
however.

This growth rate was significant from zero,

In Michigan brook trout, Shetter (1936) found

lowest growth rates in winter as well, but this growth was
also significantly positive.
Highest growth occurred during spring for rainbow trout

in GSMNP (S. Moore, pers. comm.) and Jensen and Berg (1995)
reported brown trout growth rates were highest in spring as
well.

Whitworth and Strange (1983) reported that highest

growth for brook and rainbow trout was during February
through June.

They also noted that brook and rainbow trout

grew at about the same rate up to age 1, after which rainbow
trout held a size-at-age advantage.
brown trout showed similar trends.

Laurel Fork brook and
Coulston and Maughan

(1981) also found that brown trout outgrew rainbow trout in
North Carolina but this growth was still low compared to
that for other geographic locations.

This is probably a

consequence of the food limitation reported from many
southeastern streams (Coulston and Maughan, 1981; Cada et
al., 1987).
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Growth can also be expressed in terms of length at age.

Durniak (1989) reported lengths at age for Georgia brown
trout of 124, 215, and 278 mm for ages 1, 2 and 3,

respectively.

Mean lengths at age for Laurel Fork brown

trout in January were somewhat lower (112, 184, and 268 mm,
respectively).

These lengths are within the lower part of

the range reported by Strange and Habera (1992 - 1997) for

all Tennessee brown trout.

Etnier and Starnes (1993)

reported that northeastern brown trout were larger,

averaging 175, 230, and 290 mm, respectively.

In contrast,

Bembo et al. (1993) found lengths at ages 1 - 4 of 65, 121,
184, and 229 mm for brown trout in small streams in Wales.

Annual production for brown trout (10.35 kg/ha) in

Laurel Fork was low, even when compared with other estimates
from the southeast.

Although brook trout production is not

included in this estimate, total salmonid production

probably doesn't exceed brown trout production by more than
10% because of low brook trout biomass and growth rates.
Production estimates for brown trout in the southeast are

lacking, but brook trout production in a Virginia stream was

found to be 5.4, 19.3, and 17.0 kg/ha for lower, middle and

upper sites, respectively (Neves and Pardue, 1983).

Neves

et al. (1985) found annual production of 36.0 kg/ha for
rainbow trout in South Fork Holston River, Virginia.
Whitworth and Strange (1983) determined annual
production to be 31.7, 18.2, and 47.7 kg/ha for a Tennessee
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stream in brook, mixed rainbow and brook, and rainbow trout

sections, respectively.

zone of sympatry.

Lowest production was found in the

In feeding studies, DeWald and Wilzbach

(1992) found that prey capture rates were higher for both
brook and brown trout in allopatry than in sympatry.
Production estimates in the Laurel Fork study area could be

lower because of interspecific competition.

Average brown

trout standing crop is lower than that for other salmonids
in Tennessee (Strange and Habera, 1992 - 1997) and most
populations are sympatric with rainbow trout.
Production estimates for salmonids from other

geographic locations include 30.9 kg/ha in Norwegian lakes
(Hesthagen and Johnsen, 1992), 58 to 139 kg/ha for Lake

Superior tributaries (Waters et al., 1990), and 118 to 136
kg/ha in Idaho streams (Goodnight and Bjornn, 1971).
Debowski (1991b) reported brown trout production to be 57.5
and 128 kg/ha in Polish rivers while Alexander and
MacCrimmon (1974) reported 132 kg/ha for anadromous Great
Lakes rainbow trout.

Kwak and Waters (1997) found that

annual salmonid production averaged 155.6 kg/ha for 13
Minnesota streams.

They contended that production is

strongly correlated with stream alkalinity across the United
States.

Over half the annual production (5.34 kg/ha or 51.5%)

in Laurel Fork was by age-1 fish.

This is consistent with

the findings of Whitworth and Strange (1983), Debowski
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(1991b), and Kwak and Waters (1997).

Age-1 fish also made

up the largest biomass component for all samples except

April, when many heavier new age-2 fish were still present.
Age-2 fish made up the second largest annual production
component at 2.84 kg/ha (27.4%).

The highest production occurred from February to April
(3.83 kg/ha), but did not differ significantly from
production May through July (2.54 kg/ha) or August through

October (2.95 kg/ha in 1996 and 3.39 kg/ha in 1997).
Production from November to January was significantly lower
at 0.81 kg/ha.

Whitworth and Strange (1983) found that

production peaked between February and June in another
Tennessee stream, whereas Kwak and Waters (1990) found that

production was highest in summer in Minnesota.

However,

Ensign et al. (1990) found summer production (July through
October) for rainbow and brook trout in GSMNP to be 3.8 to

4.5 kg/ha and that food limitation is a key factor in
controlling summer trout production in southern Appalachian
streams.

The production to biomass ratio (P/B) for Laurel Fork
brown trout (0.98) was lower than the average of 1.5

reported for other coldwater streams (Neves and Pardue,
1983), but was higher than that reported by Whitworth and
Strange (1983) for brook trout (0.56) and rainbow trout

(0.58).

Other reported P/B ratios include 1.6 for Virginia

brook trout (Neves and Pardue, 1983), 1.59 to 2.11 for brown
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trout in Poland (Debowski, 1991b), and 1.03 for Minnesota
brown trout.

Waters et al. (1990) found P/B ratios averaged

2.2 for rainbow trout, 0.9 for brown trout, and 1.7 for

brook trout in Lake Superior tributaries.

They pointed out

an inverse relationship between P/B ratio and the number of
year classes present for each species.
Annual survival for Laurel Fork salmonids (brook and

brown trout combined) was 0.45 and very few fish lived
beyond age 3.

Cooper (1953) reported annual survival of

0.30 for brook and brown trout in Michigan, with only 2% of
brown trout surviving to age 3.

Strange and Habera (1997)

reported 52% mean annual mortality for Tennessee brown trout
(age 1 and older).

Winter mortality was found to be highest

for Montana brown trout (Stefanich, 1950), southern

Appalachian brook and rainbow trout (Whitworth and Strange,
1983), and brown trout in Poland (Debowski, 1991a).

Whitworth and Strange (1983) and Debowski (1991a) also noted
that few fish lived into their third year.

Elliott (1993)

reported that mortality for both resident and anadromous
brown trout in England was highest in spring.

However, the

lowest mortality in Laurel Fork occurred during spring.

Estimates for the other three-month periods ranged from 0.22
to 0.24 and did not differ significantly.

Abundant food and

suitable water temperatures, as evident by the high
production estimate, apparently kept spring mortality to a
minimum.
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Annulus Formation

Annuli were quite obvious on brown trout scales and
cross-referencing different sample dates for recaptured fish
revealed no errors in age determinations.

Durniak (1989)

noticed the first three annuli on brown trout scales were

easy to identify.

Likewise, Lorson and Marcinko (1990)

found that brown trout ages, as determined by scales and
otoliths, did not begin to diverge until after age 3.

Therefore, aging of brown trout in this study should have
been highly accurate, as <3% of brown trout survived into
their third year.
Brown trout began to form annuli between mid-January
and mid-February.

This conclusion is based on two findings.

First, 44% of both age-0 and age-1 brown trout had 2-3
widely spaced circuli at the scale margin on January 27,
1997.

This appeared to be the onset of a period of

increased growth, which is what determines annulus
formation.

Secondly, when lengths at age were determined,

mean lengths in January were slightly larger than backcalculated lengths at age for both age 1 and age 2 fish.

This suggests that, on the average, annulus was formed just

prior to the January sampling date.

The large distances

measured between scale margins and newly formed annuli in
April, also suggest that substantial growth had occurred
since annulus formation.
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Annulus formation in juvenile rainbow trout, in GSMNP,
occurs in March or early April (S. Moore, pers. comm.)•

Sixty-one percent of YOY rainbow trout scales had an annual
mark in March while 89% had visible annuli in April.

Otoliths confirmed that annulus formation was complete in

April.

Although these annuli appear to form later than

those in Laurel Fork brown trout. Cooper (1951a) suggested
that annulus formation in salmonids is variable and depends

upon a number of factors including locality, water
temperature, fish age, and growth rate.

Tag Retention

Cold branding, according to the guidelines of Raleigh

et al. (1973), proved to be an excellent marking technique
for small fish (<130 mm) in this study.

Effective cold

brand retention (readability), without rebranding when a
readable brand existed, was 78%.

In hindsight,

readabilities could have been improved if all fish were
rebranded, regardless of whether they possessed a readable
brand.

Brand quality had already begun to deteriorate upon

first recapture and may have been unreadable the next time
that fish was captured.

Brand deterioration seemed to

coincide with fish growth.

Best readabilities were in

January, prior to which the lowest three-month growth was
observed.
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Whitworth (1980) also used cold branding to uniquely
mark juvenile trout.

He did not report retention rates

because fish were not double marked, but he did report very

few misinterpreted recaptures and very few fish with
unreadable markings.

Frenette and Bryant (1996)

successfully used cold branding as an additional mark to
evaluate VIT retention in cutthroat trout (Oncorhynchus
clarki^ and dolly varden rsalvelinus malma)•

According to Raleigh et al. (1973), cold branding does
not effect growth, behavior, or survival of small fish as do
many external tags (McAllister et al., 1992).

Jet-injected

inks and dyes have also been used successfully as short-term
marking techniques for juvenile salmonids (Thedinga and
Johnson, 1995), but they do not allow for the recognition of
many individual fish.
Effective VIT retention for Laurel Fork brown trout was

73% and all tags remained readable throughout the study.

Retention appeared to vary according to the experience of
the tagger and fish length.

Retention for the first

recapture period, where the tagger was inexperienced, was
47% while all others averaged 70%.

Several other authors

have reported that tagging experience and quality of tag

insertion had significant effects on VIT retention (Niva,
1995; Frenette and Bryant, 1996; and Shepard et al., 1996).

After minimal experience, VIT insertion became quite simple
and fast (usually <10 seconds).

Proper anaesthesia was
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essential, though, as struggling fish usually resulted in a

tear of the post-ocular tissue during injection.
Recaptured brown trout (<190 mm) had VIT retention
rates averaging 59%, but those >190 mm retained 90% of their
tags.

Frenette and Bryant (1996) used VITs in all fish >140

mm, but Niva (1995) recommended 160 mm as the size cutoff
for VITs.

Even though Shepard et al. (1996) reported

reduced retentions in cutthroat trout <155 mm, they contend
that VITs were still valuable marking tools for individual
identification of small fish.

Shepard et al. (1996) also found overall VIT retention

rates, after one year, to be 58%.

Niva (1995) reported 58%

to 64% retention in age-3 brown trout and 86% to 96%
retention in age-4 fish after one year.

Frenette and Bryant

(1996) found one month retentions of 73% to 86% in cutthroat
trout and 59% to 78% in dolly varden in Alaska.

These

retention rates are quite similar to those observed in the
Laurel Fork study.

McMahon et al. (1996) claims that VITs are superior to
floy and other external tags in that they induce no

behavioral or growth changes.

No tissue damage or infection

has been associated with VITs (Niva, 1995).

Shepard et al.

(1996) found no significant differences in condition factors
between recaptured Vl-tagged fish and newly captured fish in
Montana.

Judging by the results of these previous studies,
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tagging methods in this study should not have caused any

bias in movement, growth, or production estimates.

CHAPTER V

MANAGEMENT IMPLICATIONS

(1) Although the composition of mortality due to
natural causes and/or angling is not known, it appears that
natural mortality plays a larger role since only 6% of brown
trout in Laurel Fork reached the legal size limit.

Natural

reproduction does not appear to be limiting and current
fishing regulations seem to be functioning well to protect
the wild fishery.

If anything, the legal size limit could

be lowered slightly (e.g. from 9 in. or 229 mm to 7 in. or
178 mm), since only 6% of the existing population is of
legal size.

Angling pressure on Laurel Fork and

reproductive impacts would need to be evaluated before such
a decision took place.
(2) This study revealed the sedentary nature of Laurel

Fork brown trout through the high incidence of fish
recaptured in the same sections and the relatively small
mean movement and dispersal distances traveled.

As a

result, the site specific regulations in place on Laurel
Fork, designating wild trout areas, are probably very

effective, with interzone movement at a minimum.

If, for

management purposes, any other site specific regulations
were imposed on Laurel Fork, their use would probably be
successful as well.

(3) Like other studies in the southern Appalachians,
79
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brown trout densities were much lower than those reported

elsewhere for rainbow and brook trout.

This is likely

attributable to the behavioral nature of brown trout and to

the larger sizes attained by these fish.

At the same time,

standing stocks are near rainbow and brook trout levels,

providing a unique and a quality fishery for Tennessee
anglers.

(4) The relative abundance of brook trout was not

anticipated to be at the level found during this study.
Previous studies reported the absence of brook trout in
upper Laurel Fork.

This suggests that brown trout

encroachment on brook trout is not occurring and in fact, it
seems the reverse has occurred in recent years.

Even though

brown trout growth rates appeared to be higher than those
for brook trout above age 1, brown trout do not appear to

have a competitive advantage over brook trout in this area.
Not only does the coexistence of brook and brown trout

provide a unique opportunity for the angler, the study area
could function as a long term monitoring site for brook and
brown trout interaction.

(5) Fish distribution throughout the study area tended

to be tied to habitat characteristics (pool-riffle ratio,
substrate composition, cover, etc.).

Larger fish also

tended to be slightly more abundant below constructed wedge
dams.

But even though total salmonid standing crop and

density were low in the Laurel Fork study area, attempting
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to bolster trout abundance by constructing additional
habitat structures would probably not be cost effective,
especially in areas where angler use is low.

Factors such

as limited food resources and habitat guality in upper
Laurel Fork are the primary controls of salmonid standing
crop and density.

(6) Annulus formation was found to occur between midJanuary and mid-February, when little or no field work

typically takes place.

As a result, annuli should be well

formed and age should be easily identifiable in age-3 and
younger fish by the time the majority of trout population
sampling in Tennessee (including scale collection for aging)
begins in late spring.

(7) Visible Implant Tags were found to be a successful
way to uniguely mark fish without evoking behavioral or
growth changes, that have been associated with the use of

external tags.

VITs were easy to use and the injection

technigue could be mastered after being used for just one
day afield.
(8) The cold branding technigue used in this study was

a successful way to uniguely mark juvenile trout for short

term studies (up to 6 months).

For proper technigue and

brand design, see Raleigh et al. (1973).
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APPENDIX A

WATER QUALITY SUMMARY

Table A.l.

Water quality data for Laurel Fork.^
Temperature
(C)

PH

7/29/96

15

6.9

39

10/30/96

14

6.9

33

1/27/97

2.5

6.9

30

15

8.6

0.24

4/30/97

17

6.8

22

15

14

0.39

7/31/97

19.5

6.9

41

25

2.5

0.07

10/31/97

8

7.0

48

23

Mean

12.7

6.9

35.5

16.3

8.4

0.23

Date

Conductivity
(uS/cm)

Alkalinity
(Mg/L as CaCOj)

Discharge
(cfs)

Discharge
(cms)

20

Alkalinity was not available for 10/30/96 and discharge was not measured on 7/29/96,

10/30/96, and 10/31/97.
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Table B.l.

Lengths (m) of study area sections and
corresponding pools and riffles.

Section

Length

1

40

20

20

2

57

15

42

Pool

Riffle

3

56

8

48

4

45

19

26

5

41

17

24

6

37

28

9

7

51

23

28
23

8

33

10

9

53

16

37

10

50

26

24

11

39

9

30

12

40

30

10

13

19

0

19

14

55

26

29

15

61

14

47

16

43

17

26

17

19

11

8

18

37

6

31

19

26

19

7

20

29

13

16

21

23

20

3
10

22

37

27

23

34

26

8

24

37

20

17

25

43

11

32

26

33

33

0

27

46

33

13

28

35

11

24

29

39

37

2

30

40

0

40

31

66

11

55

32

51

15

36

33

61

26

35

34

40

10

30

35

31

5

26

36

52

13

39

37

33

23

-IQ.

1532

648

Total

884

Conunents

Enter Camp Fifteen Branch
Jeep trail crossing

Upper bound is wedge dam

Enter Bitter End Branch,
Lower bound is wedge dam
Jeep trail crossing

Upper bound is wedge dam
Enter Camp Ten Branch

Upper bound is wedge dam
Jeep trail crossing
Upper bound is wedge dam

Upper bound is beaver dam
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Mean Length at Capture(mm)
350

300

Cohort

Brook Trout

1997

N=141

1996

250
1995

200

1994

150
100

50

7/29/96

10/30/96

1/27/97

4/30/97

7/31/97

10/31/97

Sample Date

Mean Length at Capture(mm)
350
300

Cohort
Brown trout

1997

N=642

1996

250

1995

200

1994

150
100

50

7/29/96

10/30/96

1/27/97

4/30/97

7/31/97

10/31/97

Sample Date

Figure C.l.

Mean length at capture for brook and brown
trout by sample date.
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